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Abstract: We studied the temperature relations of wild and zoo Aldabra giant tortoises (Aldabrachelys
gigantea) focusing on (1) the relationship between environmental temperature and tortoise activity pat-
terns (n = 8 wild individuals) and (2) on tortoise body temperature fluctuations, including how their
core and external body temperatures vary in relation to different environmental temperature ranges
(seasons; n = 4 wild and n = 5 zoo individuals). In addition, we surveyed the literature to review the
effect of body mass on core body temperature range in relation to environmental temperature in the
Testudinidae. Diurnal activity of tortoises was bimodally distributed and influenced by environmental
temperature and season. The mean air temperature at which activity is maximized was 27.9°C, with
a range of 25.8–31.7°C. Furthermore, air temperature explained changes in the core body temperature
better than did mass, and only during the coldest trial, did tortoises with higher mass show more stable
temperatures. Our results, together with the overall Testudinidae overview, suggest that, once variation
in environmental temperature has been taken into account, there is little effect of mass on the tempera-
ture stability of tortoises. Moreover, the presence of thermal inertia in an individual tortoise depends on
the environmental temperatures, and we found no evidence for inertial homeothermy. Finally, patterns
of core and external body temperatures in comparison with environmental temperatures suggest that
Aldabra giant tortoises act as mixed conformer–regulators. Our study provides a baseline to manage the
thermal environment of wild and rewilded populations of an important island ecosystem engineer species
in an era of climate change.
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We	 studied	 the	 temperature	 relations	 of	 wild	 and	 zoo	 Aldabra	 giant	 tortoises	
(Aldabrachelys gigantea)	focusing	on	(1)	the	relationship	between	environmental	tem-
perature	and	tortoise	activity	patterns	(n	=	8	wild	individuals)	and	(2)	on	tortoise	body	
temperature	 fluctuations,	 including	how	their	core	and	external	body	 temperatures	









once	variation	 in	environmental	 temperature	has	been	 taken	 into	 account,	 there	 is	
little	effect	of	mass	on	the	temperature	stability	of	tortoises.	Moreover,	the	presence	






K E Y W O R D S
Aldabra,	ectotherm,	giant	tortoise,	Testudinidae,	thermoregulation
1  | INTRODUCTION
Activity	 and	 body	 temperature	 of	 reptiles	 depend	 on	 the	 external	
thermal	 fluctuations	 in	 the	 environment	 and	 are	 both	 drivers	 and	
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of	reptiles,	including	for	example	fluxes	of	radiative	heat,	convection,	
conduction,	 and	 wind	 (Cossins	 &	 Bowler,	 1987;	Willmer,	 Stone,	 &	
Johnston,	 2005).	However,	 understanding	 this	 complex	 thermal	 en-
vironment	alone	does	not	allow	an	adequate	description	of	a	reptiles’	


































with	 the	 environment.	 For	 example,	 larger	 salt	water	 crocodiles	 are	
able	 to	attain	not	only	higher	but	 also	more	 stable	Tbc	 than	 smaller	
ones,	at	least	in	part	due	to	thermal	inertia	(Seebacher	et	al.,	1999).
Here,	we	describe	activity	and	body	temperature	fluctuations	of	
Aldabra	 giant	 tortoises	 (Aldabrachelys gigantea	 Schweigger	 1812)	 in	
both	their	natural	habitat	and	in	captivity.	Specifically,	we	focus	on	(1)	
the	relationship	between	environmental	temperature	(Ta)	and	activity	
patterns	 of	wild	 tortoises	 to	 determine	 their	 optimal	 environmental	
temperature	range	(Ta-opt);	and	(2)	the	body	temperature	fluctuations	
of	 captive	 and	wild	 tortoises,	 including	how	 their	 core	 and	external	
body	 temperatures	 vary	 in	 relation	 to	 environmental	 temperatures,	
and	whether	body	mass	influences	the	response	of	tortoise	core	body	
temperatures	 to	 environmental	 temperatures.	 In	 addition,	 we	 sur-
veyed	the	literature	to	investigate	the	effect	of	body	mass	on	the	body	
temperature	ranges	of	Testudinidae	in	relation	to	air	temperature.
2  | MATERIALS AND METHODS
2.1 | Study species and study sites
The	Aldabra	giant	tortoise	is	endemic	to	Aldabra	Atoll,	Seychelles,	with	





to	April)	 and	 a	 dry	 season	 (May	 to	October).	 The	 timing	 and	 distri-
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distributed	across	the	atoll,	and	directly	drive	spatiotemporal	patterns	















relation	 to	 air	 temperature	 (Tair)	 to	derive	 an	 approximation	 for	 the	
optimal	 environmental	 temperature	 at	 which	 activity	 is	 maximized	
(Ta-opt).	We	derived	activity	based	on	accelerometer	 (ACC)	data	ob-












2.3 | Body temperature of Aldabrachelys gigantea
We	 studied	 body	 temperature	 fluctuations	 in	 five	 captive	 tortoises	
from	Zurich	Zoo	and	four	wild	tortoises	from	Aldabra.	The	zoo	tor-
toises	were	housed	in	a	compartment	within	the	Masoala	Rainforest	
exhibit,	 while	 the	 wild	 tortoises,	 selected	 for	 their	 different	 body	












Pty	 Ltd.,	 NSW,	 Australia),	 while	 on	 Aldabra,	 we	 used	 iButton® 
temperature	loggers	(±0.05°C	accuracy;	Maxim	Integrated,	San	Jose,	
CA,	USA).	In	both	sites,	loggers	were	placed	at	two	locations	(shaded	
and	 directly	 exposed	 to	 sunlight)	 at	 a	 height	 of	 0.3–0.5	m.	 Surface	
(external)	body	temperatures	(Tbe)	were	measured	using	infrared	tem-





Zoo,	and	data	were	highly	correlated	(Tair: z = 150.68,	p < .001,	Kendall	




(100–180	kg;	 see	Table	2	 for	 individual	 body	masses)	were	 fed	 the	
data	loggers	during	the	summer	trial	and	five	tortoises	for	the	winter	
trial	(14–180	kg;	same	three	individuals	as	in	summer,	plus	two	addi-
tional	 ones).	On	Aldabra,	 four	 tortoises	 (39–97	kg)	were	monitored.	
We	 additionally	measured	 the	 following	 temperatures	 at	 1–3-	hr	 in-







2.4 | Body size and temperature in testudinidae
To	 investigate	 thermal	 inertia,	 and	 inertial	 homeothermy,	 we	 col-
lated	data	on	∆Tbc,	∆Tair,	and	on	body	mass	in	Testudinidae	from	the	
scientific	 literature.	We	searched	the	 literature	and	selected	studies	














plotting	 data,	 we	 fitted	 nonparametric	 locally	weighted	 regressions	
using	 the	 nearest	 neighbor	 approach	 (loess;	 with	 t-	based	 approxi-
mation	95%	CI),	 using	 the	package	 “ggplot2”	 (Wickham,	2016).	We	
determined	the	temperature	range	at	which	tortoises	maximize	their	
activity	(Ta-opt)	by	performing	kernel	density	estimation.	We	partitioned	
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the	activity	data	in	active	and	inactive	states	at	a	given	temperature,	
which	yielded	a	 relative	density	distribution	 for	each	state	with	 the	
area	under	 the	curve	of	 the	probability	distributions	adding	 to	one.	
We	 visualized	 the	 kernel	 density	 estimation	 by	 partitioning	 the	 ac-
tive	and	inactive	states	using	R	package	“ggplot2”	and	expected	the	










2015)	 to	 construct	 generalized	 linear	 mixed	 effects	 models	 with	
random	factors	(GLMMs)	following	Zuur,	Ieno,	Walker,	Saveliev,	and	
Smith	 (2009).	 For	 the	 activity	 data,	we	 tested	 the	 effects	 of	year,	











17:45–20:00,	 respectively	 (see	 S1	 in	 Supplementary	 Information).	
Furthermore,	 to	 assess	 the	 factors	 that	 influence	Tbc	 of	 giant	 tor-
toises	 during	 our	 trials,	we	 tested	 the	 following	 explanatory	 vari-
ables:	 trial,	 time,	 Tair,	 mass,	 and	 the	 interaction	 between	 Tair	 and	
mass	 (from	here	on	“thermoregulation	model”).	We	included	a	ran-
dom	factor	with	individual	tortoises	interacting	with	trial	and	a	ran-
dom	 factor	with	day	 (date)	 to	 account	 for	 individual	variation	 and	
repeated	measures	 among	 trials.	 Because	 they	 are	 correlated,	Tair 
was	selected	over	Tsun	and	Ta	mean	as	a	explanatory	variable	based	on	
model	selection	(∆AIC).	Moreover,	and	similar	to	the	activity	model,	
we	discretised	 continuous	 time	 into	 three	periods	 (I–III)	 following	
the	turning	points	of	Tbc	through	time	for	each	independent	trial	and	
comprising	 the	morning	 period	when	 tortoises	 are	 cooling	 down,	
the	morning–afternoon	period	when	tortoises	are	heating	up,	and	





Environmental temperature Study Mean ±SD Min Max Daily range Acrophase
Sun ZRH	Winter 18.0 3.0 14.4 32.1 10.3 14.0
Air	(shade) ZRH	Winter 16.5 2.1 13.9 23.7 6.4 14.9
Mean ZRH	Winter 17.2 2.5 14.2 27.4 8.2 14.4
Sun ZRH	Summer 25.4 5.4 18.2 36.6 15.3 14.5
Air	(shade) ZRH	Summer 22.0 3.1 17.1 28.6 8.7 15.3
Mean ZRH	Summer 23.7 4.2 17.7 32.6 11.8 14.7
Sun Aldabra 31.6 7.3 23.0 56.5 18.5 14.0
Air	(shade) Aldabra 29.1 2.5 24.0 38.5 6.5 15.9
Mean Aldabra 30.3 4.4 23.8 43.8 12.4 14.5
Tortoise Mass (kg) Study Mean ±SD Min Max Daily range Acrophase
JVS 14 ZRH	Winter 20.8 1.6 17.0 26.0 3.1 19.04
JVL 19 ZRH	Winter 21.5 1.3 18.6 25.5 2.7 20.26
HMA 100 ZRH	Winter 22.2 0.9 20.1 24.6 1.4 20.98
SBY 140 ZRH	Winter 21.1 1.0 19.2 23.9 1.6 20.28
BBY 180 ZRH	Winter 20.5 0.8 18.4 23.0 1.5 21.53
HMA 100 ZRH	Summer 29.9 2.1 25.1 34.1 5.0 19.63
SBY 140 ZRH	Summer 30.1 2.4 24.7 34.2 5.7 20.03
BBY 180 ZRH	Summer 29.7 2.0 24.2 33.2 4.7 20.57
BEL 39 Aldabra 29.9 1.6 26.0 34.5 4.7 18.13
UNM 48 Aldabra 29.9 1.7 26.0 34.0 4.9 17.86
CFK 61 Aldabra 30.2 1.6 26.5 35.0 4.4 18.34
LDX 97 Aldabra 31.0 1.7 26.0	 34.5 5.0 17.86
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to	account	for	the	nonlinear	relationship	between	Tbc	and	time	(see	
S2	 in	 Supplementary	 Information).	 We	 obtained	 p-	values	 for	 the	




3.1 | Environmental temperatures and tortoise 
activity patterns
Diurnal	 activity	 of	 Aldabra	 giant	 tortoises	 on	 Aldabra	 was	 bimo-
dally	 distributed,	 with	 the	 highest	 activity	 levels	 occurring	 during	
the	morning,	and	during	the	late	afternoon,	albeit	at	comparatively	
lower	 levels	 (Figure	1).	 The	 mean	 Tair	 during	 the	 active	 state	 was	
27.9°C	 (±2.6;	 25%–75%	 quartile	=	26.0–29.6°C).	 Notably,	 the	
probability	of	activity	rapidly	decreased	as	the	environmental	tem-
perature	 increased	 above	 ca.	 31–32°C	 (Figure	2a).	 Moreover,	 the	
kernel	frequency	distribution	of	the	active	state	highlights	that	the	
temperature	 range	 of	 the	 active	 state	 in	 tortoises	 is	 25.8–31.7°C	
(Figure	2b).	 In	 the	activity	model,	 the	activity	patterns	of	 tortoises	
were	significantly	influenced	by	Tair,	as	well	as	time,	season,	and	the	
interactions	between	Tair	and	time,	and	Tair	and	season (p < .001),	but	
not	by	year	(p = .87;	see	S3	in	Supplementary	Information	for	model	
statistics	and	S4	for	seasonality	plot).
3.2 | Body temperature of Aldabrachelys gigantea
Temperatures	measured	in	shaded	and	sunny	areas	in	each	of	the	trials	
had	similar	daily	minima	but	different	maxima	 (Table	2),	with	consid-








to	 cope	 with	 these	 depended	 on	 the	 direction	 of	 the	 perturbation.	
Tortoises	were	able	to	maintain	a	stable	Tbc when Ta	increased	above	


















able	 to	briefly	 reach	Tbc	 close	 to	Ta-opt.	However,	 as	Ta	mean	 reached	
values	and	temperature	 ranges	closer	 to	Ta-opt,	 larger	 tortoises	were	
able	to	increase	and	maintain	their	mean	Tbc	close	to	the	upper	range	
of	Ta-opt	(i.e.,	ZRH	summer	and	Aldabra	trials).	In	general,	as	Ta	mean	and	
minimum	Ta	 increased,	 so	 did	 the	Tbc	 of	 the	 tortoises	 (Table	2),	 but	
most	of	Tbc	readings	remained	above	Ta	mean.
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∆Tair,	but	it	was	only	significant	for	the	ZRH	trials	(z = 5.87	and	4.12,	
p < .01,	Kendall τ	=	0.43	and	0.55	for	the	winter	and	summer	trials,	re-
spectively).	On	Aldabra,	there	was	no	significant	correlation	(z = 1.46,	
p = .14,	Kendall τ	=	0.16).	 For	 ZRH	winter,	∆Tbc	 decreased	 from	 the	
smallest	to	the	largest	animal	(z = −4.76,	p < .001,	Kendall τ	=	−0.37).	
In	contrast,	∆Tbc	of	tortoises	during	ZRH	summer	(without	smaller,	ju-
venile	tortoises)	and	on	Aldabra	remained	virtually	the	same	between	
individuals	of	different	mass	(z = −0.73	and	0.28,	p = .47	and	p = .78,	
Kendall	τ	=	−0.10	 and	0.03,	 respectively).	Moreover,	 in	 ZRH	winter,	
the	∆Tbc/∆Tair	quotient	was	negatively	correlated	with	tortoise	body	
mass	 (z = −5.87,	p < .001,	Kendall τ	=	−0.45).	However,	we	 found	no	
correlation	in	the	ZRH	summer	trial	(where	no	juveniles	were	included)	




fluctuations	were	 greater	 on	 the	 carapace	 surface	 than	 on	 the	 sur-
face	of	 the	extremities,	which	 in	 turn	were	greater	 than	 in	 the	 skin	
folds	 or	 in	 the	 core	 body	 temperature.	 Temporal	 turning	 points	 of	
the	 temperature	 curves	 occurred	 first	 in	 the	 environment,	 followed	
by	the	carapace,	the	extremities,	the	skin	folds,	and,	finally,	the	core.	
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with	Tbc,	but	to	a	lesser	degree	(z = 33.38,	p < .001,	Kendall	τ	=	0.70,	
and	z = 51.28,	p < .001,	Kendall	τ	=	0.59,	respectively),	and	remained	
lower	than	Tbc	 (Wilcoxon	rank	sum	test,	p < .001	in	both	cases).	The	
temperature	 recorded	 in	 the	 skin	 folds	 was	 highly	 correlated	 with	








ship	between	mass	and	Tbc	 in	ZRH	winter	 is	bell-	shaped,	 increasing	
until	it	reaches	100	kg	and	then	decreasing	again.	In	contrast,	Tbc did 











Interestingly,	 the	Tbc	 trend	 increased	more	 sharply	with	 increasing	
Tair	(temperature	of	shaded	areas	where	they	seek	refuge)	in	contrast	
to	Tsun.
3.3 | Body size and temperature in testudinidae
In	addition	to	our	data,	we	were	able	to	gather	22	measurements	of	
six	 species	 in	 four	 genera,	 from	 six	 studies	 (Benedict,	 1932;	Huot-	
Daubremont,	Grenot,	&	Bradshaw,	1996;	Mackay,	1964;	McMaster	
&	Downs,	2013c;	Meek	&	Jayes,	1982;	Swingland	&	Frazier,	1979).	
Seven	of	 these	22	data	 points	 contain	 estimated	mass	 values	 from	
various	 individuals,	 and	methods	 for	measuring	 temperature	 varied	
(see	S7	in	Supplementary	Information	for	details).
The	∆Tbc	of	different	Testudinid	species	was	negatively	correlated	
with	 their	 mass	 (z = −3.11,	 p = .002,	 Kendall τ	 −0.38;	 Figure	7a).	
However,	 the	 ∆Tbc	 of	 tortoises	 was	 more	 strongly	 positively	 cor-
related	 with	 ∆Tair (z = 4.60,	 p < .001,	 Kendall	 τ	=	0.57;	 Figure	7b).	
When	corrected	for	∆Tair	(using	the	ratio	of	the	of	∆Tbc	to	∆Tair),	there	
was	a	weaker	negative	correlation	between	the	∆Tbc/∆Tair	and	mass 









we	 found	evidence	of	 thermal	 inertia,	but	 this	effect	 seemed	 to	be	
F IGURE  4 Daily	environmental	temperatures	(gray;	Tair	and	Tsun)	and	core	body	temperature	(red;	Tbc)	of	Aldabra	giant	tortoises	
(Aldabrachelys gigantea)	of	different	mass	across	different	environmental	temperature	ranges	(trials)
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context	dependent	 in	 terms	of	 the	environmental	 temperatures	ex-
perienced	by	 the	 tortoises,	 and	 the	overall	Testudinidae	dataset	 in-
dicated	little	effect	of	mass	on	the	temperature	stability	of	tortoises.














Karoo	 South	 African	 summer),	 leopard	 tortoises	 started	 becoming	
inactive	 when	 Ta	 increased	 above	 30.5–32°C	 between	 10:00	 and	





The Ta	 threshold	 for	 switching	 from	a	unimodal	 to	 bimodal	 activity	
pattern	in	T. graeca	was	28°C.
Aldabra	 giant	 tortoises	 maximize	 their	 activity	 (Ta-opt)	 in	 the	
temperature	 range	 of	 25.8–31.7°C.	 This	 is	 within	 the	 preferred	
temperature	 range	 (i.e.,	 the	 range	 of	 Tbc	 within	 which	 an	 ecto-
therm	 seeks	 to	 maintain	 itself	 by	 behavioral	 means)	 of	 other	
Testudinid	 species,	 with	 reported	 ranges	 of	 25–31°C	 (Gopherus 
agassizii,	 Woodbury	 &	 Hardy,	 1948;	 G. agassizii	 and	 Testudo her-
manni,	Brattstrom,	1965;	T. marginata	and	T. hermanni,	Panagiota	&	
Valakos,	1992;	Huot-	Daubremont	et	al.,	1996).	Moreover,	the	range	












temperature	 range	 is	around	31°C.	This	 is	 in	accordance	with	 the	
findings	of	Swingland	and	Frazier	 (1979),	who	 reported	 the	maxi-
mum	critical	temperature	for	Aldabra	giant	tortoises	in	the	wild	to	
be	36–38°C	(measured	in	tortoises	dying	or	that	recently	died	from	
overheating	 in	 the	wild).	Therefore,	 the	Ta-opt	 range	 in	 combination	
with	the	mean	Tbc	of	wild	tortoises	may	serve	as	a	reference	for	a	




































fects	 their	 food	 consumption,	 diet,	 daily	 behavior,	 osmoregulation,	
and	body	mass	 (Nagy	&	Medica,	1986).	Tortoises	have	been	shown	
to	 suffer	 significant	 evaporative	water	 loss	 from	 their	 integuments	
and	through	respiration	(Schmidt-	Nielse	&	Bentley,	1966).	Moreover,	
increasing	 temperatures	 and	 drought	 conditions	 have	 been	 shown	
to	 increase	water	 loss	 through	evaporation	 in	 tortoises	 (Cloudsley-	
Thompson,	 1968;	 Minnich,	 1977).	 The	 expected	 main	 mechanism	
for	 thermoregulation	 in	 tortoises	 is	 to	 change	 their	 daily	 activity	
levels	and	behavior	 (because	 the	 rigid	 shell	 limits	 the	effectiveness	
of	 postural	 changes	during	behavioral	 thermoregulation;	McMaster	
&	Downs,	 2013c).	To	 conserve	water,	 tortoises	may	decrease	 their	
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(Haverkamp	et	al.,	2017)	will	have	negative	impacts	on	the	activity	of	
giant	tortoises.
It	 should	be	noted	that	 temperature	 is	not	 the	only	 factor	 influ-
encing	 the	 activity	 of	 tortoises.	 For	 example,	 Gibson	 and	Hamilton	
(1983)	hypothesized	that	seasonal	changes	in	the	activity	of	Aldabra	






4.2 | Body temperature of Aldabrachelys gigantea
Fluctuations	 in	Tbc	 lagged	 behind	 those	 of	Ta,	 and	 in	 general	 tor-
toises	heated	more	rapidly	during	the	day	than	they	lost	heat	dur-
ing	the	night,	when	Tbc	fell	slowly.	During	the	ZRH	winter	trial,	Tbc 
was	 always	 higher	 than	 Tair;	 only	 the	 temperature	 logger	 placed	
in	 direct	 sunlight	 recorded	 temperatures	 that	 were	 higher	 than	
Tbc,	 especially	 during	 the	middle	 of	 the	 day.	 Tair	 better	 explained	
Tbc	 of	 tortoises,	 and	 in	 general,	 they	were	 able	 to	maintain	 their	
Tbc	 above	 low	Tair,	 and	below	high	Tair,	 and	 their	Tbc	was	affected	
by	 the	 range	of	 available	 environmental	 temperatures.	Moreover,	
the	temperatures	measured	on	the	surface	of	 the	carapaces	were	
notably	higher	than	Tair	during	the	morning,	which	 is	evidence	for	
thermoregulation	 via	 basking	 behavior	 (e.g.,	 Crawford,	 Spotila,	
&	 Standora,	 1983;	 Lambert,	 1981).	While	 basking,	 reptiles	 reach	
higher	core	temperatures	than	air	temperatures,	and	Tbc	correlates	
positively	 with	 time	 spent	 basking	 (Boyer,	 1965;	 Rivera-	Vélez	 &	

























































It	 is	 worth	 noting	 that	 Aldabra	 hosted	 a	 population	 of	 intro-
duced	goats	until	2012,	when	an	eradication	program	was	completed	
(Bunbury	et	al.,	2013).	In	1985,	during	the	same	time	as	the	tortoise	
population	 decline	 from	 an	 estimated	 130,000	 to	 around	 100,000	
(Bourn	et	al.,	1999),	Coblentz	and	Vuren	(1987)	estimated	that	there	
were	 as	many	 as	 1,300	 goats	 on	Aldabra.	They	 suggested	 that	 the	
major	impact	of	the	goats	was	their	negative	effect	on	shade	resources	





4.3 | Body size and temperature in testudinidae
Thermal	 inertia	 likely	 explains	 why	 after	 basking,	 tortoises	 at	 the	
Zurich	 Zoo	 had	 higher	 Tbc	 than	minimum	 Ta	 during	 early	mornings	
on	 the	next	 day,	 and	 cooling	 rates	 appeared	 to	 decrease	with	 size.	
However,	the	effect	of	mass	on	temperature	stability	of	Aldabra	giant	
tortoises	(∆Tbc)	differed	by	trial.	When	the	mean	Ta	was	17.2°C	dur-







tendency	 for	 the	acrophase	of	 tortoises	 (time	at	which	Tbc	peaked),	
and	of	the	thermal	lag	of	Tbc	to	Ta,	to	increase	with	mass	in	the	Zurich	
tortoises,	but	there	was	no	apparent	trend	on	Aldabra.	Also,	the	ef-












In	 addition,	 the	 notion	 that	 large	 ectotherms	 may	 maintain	 a	
high	(30°C)	and	stable	Tbc	within	a	narrow	range	(2°C)	due	to	mass-	
dependent	 thermal	 inertia,	 similar	 to	 homeothermic	 endotherms,	 is	
often	 referred	 to	 as	 “inertial	 homeothermy”	 (McNab	 &	Auffenberg,	
1976;	 Seebacher,	 2003).	 Despite	 being	 “giants,”	 even	 under	 stable	
conditions,	the	range	of	Tbc	in	Aldabra	giant	tortoises	(as	well	as	other	
species	of	smaller	tortoises)	was	much	larger	than	2°C.	These	results	
indicate	 that	 that	 inertial	 homeothermy	 is	 not	 possible	 in	 tortoises	
with	 the	 range	of	 body	masses	 studied.	These	 findings	 support	 the	
conclusion	of	Grigg,	Beard,	and	Augee	(2004),	who	found	that	inertial	














(Willmer	 et	al.,	 2005).	 However,	 although	 the	 relationship	 between	
Tbc	and	Ta	suggests	that	giant	tortoises	can	maintain	a	stable	Tbc when 
the	mean	Ta	 is	above	 the	 lethal	 temperature	 (>36°C),	evaluating	 the	
components	of	Ta	independently	(the	temperature	of	shade	and	sun-	
exposed	loggers)	shows	that	Aldabra	giant	tortoises	have	a	limit:	when	
shade	 temperature	 (Tair)	 surpasses	 ca.	 31°C,	 the	 Tbc	 seems	 to	 keep	
increasing	 rather	 than	 reaching	 a	 plateau.	While	 some	 tortoises	 can	
adjust	their	behavior	to	survive	extreme	environmental	temperatures	





sures	 imposed	by	the	environment.	However,	 it	 is	 likely	that	climate	
change	 will	 accentuate	 thermoregulatory	 pressures	 (Barrows,	 2011;	
Gunderson	&	Stillman,	2015),	especially	on	larger	species.
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